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Abstract. This paper presents a method to accurately segment the
hand over the face. The similarity of colours and the important variabil-
ity of the hand shape make it challenging. We propose a method based
on the combination of two features: pixel colour and edges orientation.
First, a specific skin model is used to find, before occlusion, the face po-
sition and the face template. Then, during occlusion the face template
is registered using local gradient orientations to track the face position.
Colour information is extracted from changes on pixel colours and edges
are classified as belonging to the hand or to the face by mapping edges
orientation to the face template. Finally by merging both features and
by using an hysteresis threshold, which considers connectivity, a robust
hand segmentation is reached. Experiments were performed using the
Dicta-Sign corpus and showed the versatility of the proposed approach.
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1 Introduction

Deaf and hearing-impaired communities use sign language to communicate. It is
a visual language characterized by the motion of the mouth, eyes, face, trunk and
hands. Nowadays many researches focus on the automatic analysis and recog-
nition of sign language, especially, automatic sign language interpretation [1–3].
This would enable sign language users to communicate to anyone without the
need of human interpreter. To achieve this, linguistic models are built and video
treatments developed. The annotation of sign language corpus plays an impor-
tant role for doing some statistics needed for linguistic models or for evaluating
automatic treatments. The annotation is, in general, manually performed by
linguists and computer scientists through several annotation tools, e.g. Elan [4],
Anvil [5], Ilex [6, 7], Ancolin [8], etc. For long video sequences, manual annotation
becomes error prone, unreproducible and time-consuming. We have proposed [9]
a distributed system architecture to assist the annotation using automatic video
treatments trough the network. In this paper we introduce a video treatment to
assist the annotation of hand shape and position. Since the face and hands often
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overlap and because these regions are similarly coloured, hand shape recognition
becomes really challenging. This method will be used with the tracker introduced
by Gianni et al. [10] which will be modified to detect occlusions in order to find
the template frame before occlusion.

In previous works, hand region is obtained by assuming the hand to be the
only object in the image [11] or by extracting skin colour regions [3, 12]. However,
these approaches do not handle skin objects occlusions. Others approaches based
on active contours [13, 14] give good results but do not cover the fast change and
variability of hand shape. They assume that hand shape change is very small
between successive frames which is, normally, not the case in sign language unless
the video is acquired on specific recording conditions such as high-speed frame
recording. In [15] is introduced a template based approach. They consider the
face and hand template before occlusion. Even though face deformation remains
small, 2D hand shape, during occlusion, can quickly change without any hand
configuration changing. In [16] an approach to solve hand over face occlusion is
introduced using the concept of image force field. The results showed that the
hand is roughly segmented. This might not be enough to find hand configuration
for sign language analysis.

In this work, we focused on face tracking and hand segmentation during hand
over head occlusions. Our approach is not hand model based because hand
changes very fast. However, it uses a before occlusion template of the face. The
main idea is to find any information that was not present before the occlusion.
We assume, then, that any change from the template is caused by the hand.
We noticed that only considering colour feature was not enough because of the
huge similarity between face and hand. That is why we decided to use edges in-
formation to complement colour features. The main advantage of our approach
is that it is not dependent on 2D/3D hand shape from previous frames. Our
work has been tested in the LSF Dicta-Sign corpora [17], in which each video
is mono-camera and contains one signer recorded in a frontal viewpoint and an
homogeneous background.

In the section to follow the skin model initialisation and skin colour modelling
distribution are described. Section 3 explains the head position initialisation
from the skin segmentation and the head registration using a template to track
the face in occluded images. Section 4 details how the hand region is extracted
from the occluded image by merging edges and colour features. Finally, section 5
shows the qualitatively and quantitatively evaluation performed to point out the
quality of the results and the limitations of the approach.

2 Skin Segmentation

Sign language features have a common skin colour that depends on the signer:
hands and face. Many approaches have been developed for skin segmentation [18].
Some of them need a training step and make the model dependent to the skin-
colour samples, illumination and environment conditions in the training set.
Using a specific model, i.e. a model built using skin pixels from the same im-
age/subject to treat, makes the model more specific and the segmentation more
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(a) (b) (c) (d)

Fig. 1. (a) shows the image without occlusion, (b) is the segmentation result from
Eq. (1). Notice that the neck region is no detected. (c) is the connected region used as
sample skin pixels and (d) show the final segmentation result.

robust. It is necessary to first find skin regions to train the specific model. It is
automatically done using a general skin model. Thus the model is specific to the
subject and to the recording environment.

2.1 Sample Pixels Initialisation

In this work we use explicitly defined skin regions for initialisation. Kovac et
al [19] defined, through a number of rules, the boundaries skin cluster in RGB
colorspace:

(R,G,B) is classified as skin if:

R < 95 and G > 40 and B > 20 and (1)

max{RGB} −min{RGB} > 15

|R−G| > 15 and R > G and R > B.

The main difficulty achieving high recognition rates with this method is that
the luminance component and the chrominance components are not decoupled.
For example using Eq. 1 for each pixel of Fig. 1a, the result, Fig. 1b, shows that
in regions where a shadow appeared the detection became inaccurate, e.g. neck
and fingers. However the advantage of this approach is that there is no need
of any learning stage, it is easily implemented and it gives a rough skin sample
region. The sample pixels for the model are those belonging to the greatest area
connected component, head or hand(s) depending on the frame, as shown in
Fig. 1c.

2.2 Specific Model Generation

The skin-colour is modelled as a bivariate normal distribution in the YCrCb
colorspace. The Y component reflects the luminance and is rejected to solve
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Fig. 2. Head registration results for a sequence of frames. (a) is used as a template
and is registered to the following frames in the sequence, e.g. (b),(c) and (d).

shadow problems. The mean vector μS and the covariance matrix ΣS of the
distribution are estimated from the skin training pixels and used to compute the
threshold values for segmenting any following frame. Thus the skin classification
is a binary decision and the cut-off values are then automatically computed for
each signer. Fig. 1d shows the segmentation result. We notice that the skin pixels
are better detected. However, because of the simplicity of the decision rule, some
pixels belonging to the hair were wrongly assigned to the skin class. We do not
expect this to pose a significant problem since in this work our interests lie in
the segmentation of the hand including edges information.

3 Head Tracking

3.1 Head Position Initialisation

Face position is determined using the skin segmentation explained in the previous
section. For the first frame of the sequence (before occlusion), we consider that
the head is the connected region with the greatest area placed in the upper
part of the frame, Fig. 2a. Texture and edge orientation of the face region are
registered as templates. In the future we will consider that the head position is
given by the tracker [10].

3.2 Head Registration

When the face is occluded by the hand it is not possible to accurately find the
head position using skin blobs. It is necessary to use another property than
colour. We propose to extract edges information from the face template to find
the head in an occluded image. The template is aligned using the direction
of the gradient after a threshold. The image transformation matrix considers
displacements in R

2 and rotation in the plane X ⊥ Y . Out-of-plane rotations
are not handled in this paper. The optimisation function is defined as

d(x, y, θ) = arg min
θε[θmin,θmax]

∑

(x,y)εI

min(θT
′(x+ x′, y + y′)− θI(x, y)), (2)
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where (x′, y′)εN × N with N the size of the searching window, θmin and θmax

are, respectively, the minimal and maximal rotation angles, θ′T represents the
edge orientation of the image template rotated by the angle θ. For instance the
optimisation search is performed in a large neighbourhood inside a window where
the size is large enough to allow substantial head movements. Even though this
searching algorithm is not optimized, local minima are avoided. The alignment
of the template face handles local face deformation (e.g. lips, eyes, etc.) and
partial occlusions leading to good results as long as the out-of-plane face rotation
remains small. Fig. 2 show some results of the head registration. We intend to
use this registration coupled with the tracker [10] to improve results during
occlusions.

4 Hand Extraction

The segmentation of the hand is not easily performed by only considering colour
feature. Edges information has to be used to well define hand boundaries. That
is why we intend to classify edges into two classes: edges belonging to the hand
and those belonging to the head. We first compute a pixel-to-pixel edge orienta-
tion difference map. Then we use the colour information from pixels that have
considerably changed to determine hand pixels. Finally using pixels connectivity
we are able to extract the hand.

4.1 Edge Orientation Difference Map

We use Canny edge detector in both the template image and the occluded image,
with a defined threshold, to detect edges. For each pixel edge that belongs to
the occluded image we search the closest edge, within a defined neighbourhood,
in the template. When an edge is found we compute the orientation difference
which is the minimal angle between the two directions. Otherwise when no edge
has been found in the defined neighbourhood the difference is considered the
highest orientation difference value (π/2). That means that this pixel in the
occluded image has an large probability to belong to the hand. The orientation
difference map is built in this way for each edge pixel in the image with occlusion.
Fig. 3a shows the normalized orientation difference map of the image in Fig. 2d.
Notice that most of the edges belonging to the hand have high values, close to
(π/2), and many edge pixels from the face have low values, close to 0. In places
where edges from the hand intersect edges from the face, e.g. over the mouth
or eyes, other values appear depending on the intersection angle (low values if
edges coincide).

The separation of the edges is not straight forward from this difference map.
For low values it is not easy to define if edges coincide or if they really belong
to the face. Then if we try to classify edges with no further information we can
miss important information. That is why the next step is to use pixels colour
changing to remove this ambiguity.
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(a) (b) (c)

Fig. 3. (a) shows the normalized edge orientation difference map. (b) shows pixels that
have changed and edges orientation difference map merged. White pixels have greater
probability to belong to the hand. (c) shows the hand segmentation result, dark gray
and black pixels belong to the non hand class.

4.2 Colour and Edges Combination

Colour feature is used to complement information. We noticed that during oc-
clusions, in places where there is an ambiguity concerning edge classification
pixels colour have considerably changed. For example in the mouth or eyes area
hand colour is very different, however edges could coincide depending on the
shape and position of the hand over the face. On the other hand in some other
places, like the cheek or the forehead, the colour is very similar but edges are
easily distinguished. These examples shows why merging these features makes
the classification more robust.

Colour contribution is computed by a simple pixel-to-pixel colour difference.
A threshold is applied to obtain the major colour changes. We have added it
to the difference map built before Fig. 3b. We apply the Hysteresis threshold,
which considers connectivity, to segment the hand. We have filled the holes and
extracted the largest connected area (hand). The segmentation result is shown
in Fig. 3c.

5 Evaluation and Results

This section presents the results and evaluation of the hand over face segmen-
tation methodology. Because of the lack of publicly-available annotated corpus
we have used several frame sequences from the LSF Dicta-Sign corpus where
the pixels belonging to the hand have been manually annotated. The corpus is
composed of several sign language conversations between two signers with a total
of 16 different signers and a total of 5 hours of video. We have selected some
sequences that contain hand over face occlusion. In these sequences, hand shape
and face expression can change during the occlusion. Our approach has been
tested on 5 sequences, around 50 images with face occlusion. In each sequence
the first frame is assumed to be without occlusion and is used as template. All
the following frames contained hand over face occlusion.
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Fig. 4. First row shows five consecutive frames in a sequence with hand over face
occlusion. The second row shows the segmentation result. Pixels in dark gray or in
black have been classified as belonging to the non hand class, otherwise they are shown
in their natural colour.

Fig 4 shows in the top row the images to segment and in the bottom row the
segmentation results. Notice that in the segmentation results, pixels that have
been classified in the hand class are shown in their natural colour, otherwise
they are shown in dark gray or in black. Fig 5 shows the segmentation results
for several frames of various sequences. These two figures indicate that the hand
over face segmentation was performed reasonably well, however we can see some
artefacts and some holes. The artefacts are mainly due to large pixel changes, e.g.
out-of-plane rotation or/and substantial face expression changing, or wrong skin
segmentation. On the other hand the holes are caused by a lack of information.
In fact sometimes an edge from the hand can coincide to an edge from the face, in
terms of orientation and position. In that case the hand edge might be classified
as belonging to the face. Then if there is no colour information because the pixel
colour remains very similar, some pixels will be wrongly classified. In any case
the overall hand shape is well defined.

The performance of the proposed segmentation approach has been qualita-
tively evaluated. Now to quantitatively evaluate this method, we manually gen-
erated ground truth segmentation for all the frames in the sequences. Since the
evaluation performed is pixel wise, the ground truth is a binary image of hand
pixels. These ground truth images are used as reference to compare the auto-
matically segmented images. The true positive (TP) and the false positive (FP)
percentages are evaluated for each image of the sequences by

TP (%) =
Number of correctly detected pixels

Number total of hand pixels
× 100 (3)

FP (%) =
Number of wrongly detected pixels

Number total of hand pixels
× 100 (4)

where TP(%) corresponds to the rate of correctly detected pixels with respect
to the total number of pixels to be detected and FP(%) to the wrongly detected
pixels with respect to the total number of pixels that should not be detected.
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Fig. 5. This figure shows the segmentation results for 3 different sequences. Each row
corresponds to a sequence.

Table 1. Results of the evaluation rates trough several sequences

Fig. 6. Segmentation results: artefacts under the chin and over the collar

Since FP(%) depends on the number of non hand pixels, this rate becomes
dependent of the background and size of the image. For this reason we decided
to compute the FP(%) rate with respect to the total number of hand pixels. Thus
this rate is representative to the number of hand pixels on the image. Table 1
presents the rates evaluated for each sequence, we notice that the TP(%) rate is
in average about 96%, reaching until 99% for some frames. The FP(%) rate is
about 8% and corresponds to pixels that can be easily detected and eliminated
by post-treatments, e.g. thin lines under the chin and/or over the collar in Fig. 6.
Moreover we plan to extract global features (e.g. number of fingers, global shape,
etc.) to characterize the hand and these measurements should not be corrupted
by the remaining artefacts.
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6 Conclusion and Future Work

In this paper we have detailed a hand over face segmentation approach. It takes
into account two local features; colour and edges. It considers the pixels colour
changing and the edges orientation. When the hand occludes the face, both
features information complements each other. That means that in some places
where the pixels colour remains quite similar, we still have the edges information
and vice-versa. By merging these features and by comparing the occluded image
to the face template, we are able to well segment the hand. Experimental results
indicated that this method is able to extract the hand effectively and showed the
limits of the approach regarding the quality of the segmentation: artefacts and
holes. The constraints imposed by treating sign language video corpora allow
us to validate this algorithm and to focus on the analysis of hand configuration
in sign language. It is important to be aware of these limitations if the same
methodology is to be used for other purposes.

In the future, we intend to improve this segmentation by solving the out-of-
plane rotation, improving the skin detection and edges rejection rules. We also
envisage to use this segmentation algorithm in tracking systems to accurately
detect the position of the hand when it occludes the face which is one of first
limitations in tracking systems.
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